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Abstract. This paper explores the relationship between business models and their
technical implementation of smart services in the manufacturing industry. The
study employed a research methodology that involved examining real-world use
cases through expert interviews with companies offering smart services. The
business models were assessed by using the business model patterns proposed by
Gassmann et al. while the technical implementation aspect employed generic
smart service patterns based on the conceptual model outlined in ISO/IEC
30141:2018. The data analysis resulted in the identification of 11 distinct generic
smart service patterns with varying properties. Furthermore, the distribution of
the business model patterns among the generic smart service patterns was exam-
ined to determine potential relationships and influences on the technical imple-
mentation of the smart service. This study's findings indicate several dependen-
cies and connections between the technical implementation of smart services and
their corresponding business models. The identification of interdependencies can
serve as a foundation for informed decision-making in the planning and develop-
ment phases of smart service implementation for organizations.
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1 Introduction

The manufacturing industry is undergoing a digital transformation, with companies
increasingly leveraging technology to improve their operations and customer relation-
ships [1]. Smart services, which involve communication and cloud technologies to
gather information and data from a company's installed base, are one-way manufactur-
ers achieve this. The data obtained through smart products can be used to offer new
services, such as predictive maintenance and remote monitoring, and improve customer
relationships through personalized service offerings and proactive customer engage-
ment.

However, implementing and building smart service business models is not a simple
task [2]. Many manufacturing companies lack the necessary resources and expertise to
do so and must acquire or purchase new know-how and skills [3, 4]. Additionally,



transitioning from product-centric to service-centric business models can be challeng-
ing, as for example, the selling process of services is different from selling products [5,
6]. Companies must also overcome technical and commercial challenges related to dig-
italization [7].

Despite the growing adoption of smart services in the manufacturing industry, there
is a lack of understanding of the technical and strategic considerations involved in im-
plementing these services. Previous studies have primarily focused on the business as-
pect of smart services [8-10], leaving a gap in knowledge on the technical implemen-
tation of digital services and the underlying business strategy decisions. This study ad-
dresses this gap and aims to answer the following questions: How does the business
model impact the technical implementation of a smart service?

From expert interviews, specific case studies were extracted to illustrate how the
technical implementation of digital services is influenced by various aspects of the or-
ganizations' business models. Based on this consideration, 11 distinct architectural pat-
terns could be identified and set in context with their corresponding business models.

2 Literature review

2.1 Business models

Business models provide a structured and simplified representation of a company
[11]. One of the most widely used approaches is the Business Model Canvas, developed
by Osterwalder and Pigneur [12]. This framework includes nine building blocks de-
scribing a business model's key elements, customer segments, value proposition, chan-
nels, customer relationships, revenue streams, key resources, key activities, key part-
ners, and cost structure [13].

Another approach for business models is provided by Gassmann et al. with their St.
Galler Business Model Navigator. This toolkit includes a set of patterns that companies
can use to create new business models. The patterns include examples of successful
businesses and guide how to implement these business models. They describe business
models based on four dimensions: Customer, Value Proposition, Value Chain, and Rev-
enue Model [14].

2.2  Smart services and loT

Digital servitization, the amalgamation of digitalization and servitization, presents
novel opportunities for value creation and capture through smart product-service sys-
tems (SPSS) [15]. Péppelbu® and Durst define smart services as a subset of SPSS [8]
and as services that leverage data from smart products to deliver enhanced value to
customers [16]. Similarly, Mittag et al. posit that smart services comprise a digital ser-
vice that is based on data gleaned from a physical product, which may also be aug-
mented by an additional physical service [8]. These smart services require a connection
component in addition to their physical and smart components, as emphasized by Porter
and Heppelmann [17]. The Internet of Things (loT) offers a viable solution to this



requirement by connecting the physical component of smart services to the Internet [3].
Ardolino et al. assert that 10T is crucial to digitalization as it enables the collection and
transmission of data, making it a vital component of any service transformation strategy
implementation [18].

2.3 Reference Architecture

Effective mapping of the technical structure of smart services requires a comprehen-
sive reference architecture, and the ISO/IEC 30141:2018 standard provides such an ar-
chitecture for 10T applications. This architecture consists of four essential aspects, in-
cluding (1) the characteristics of 10T systems, (2) a Conceptual Model to represent the
essential concepts and relationships of the elements of an loT system, (3) a Reference
Model to describe the overall structure of the architecture, (4) and a set of relevant
views to represent the architecture from different perspectives [19, 20]

However, the 10T Architectural Reference Model (IoT ARM) is another model that
provides concepts and definitions for 10T architectures, developed as part of the I0T-A
project up to 2013. The IoT ARM defines four sub-models, including (1) the Domain
Model, (2) the Information Model, (3) the Functional Model, and (4) the Communica-
tion Model, which together provide definitions of the key functionalities and commu-
nication paradigms for connecting elements in the 1oT Domain Model and provide a
guide for developing 10T-A compliant functional views and building interoperable
stacks [21, 22].

3 Research methodology

The research methodology employed in this qualitative study is based on examining
real-world use cases and is illustrated by Fig. 1. Given the technical complexity of smart
services, a literature-based approach alone is insufficient to understand the subject mat-
ter comprehensively. Therefore, expert interviews with companies offering smart ser-
vices were conducted to gain insight into these services' technical implementation and
business models.

To be eligible for inclusion in the study, the use cases would have to meet the fol-
lowing criteria: (1) the smart service is offered to business customers, (2) the smart
service consists of both a physical product and a digital service, and (3) loT technology
is used to connect the physical and digital components. A list of 32 potential use cases
and corresponding contacts was compiled, and the companies were contacted. Of the
32 use cases initially identified, 9 were found not to meet the study's criteria, and no
response was received from 4 companies. Expert interviews were conducted with the
remaining 19 companies, focusing on a specific smart service offered by the company
rather than the company's entire service portfolio.

The structured interviews aimed to gather information on the business model ele-
ments outlined by Gassmann et al., including the value proposition, value chain, reve-
nue model, and target customers [14]. Following the interviews, the smart services were
characterized by the business model (BM) patterns identified by Gassmann et al..



Additionally, the technical implementation of the smart services, discussed within the
context of the value chain, was recorded using the conceptual model (CM) according
to ISO/IEC 30141:2018.

The conceptual models were then standardized by uniformly naming entities, gener-
alizing, combining elements, and limiting entities that occurred multiple times. The
highest common denominator among the processed conceptual models was determined
to be the base context module. Deviations from the base conceptual models were iden-
tified as generic smart service patterns or combinations of generic smart service pat-
terns. These generic smart service patterns were then applied to the original conceptual
models and sent back to the interviewees for feedback on their applicability. The feed-
back received was incorporated into the conceptual models, and the 10T patterns were
adjusted as necessary. The result are 11 distinct generic smart service (GSS) patterns
with varying properties. Finally, the co-occurrence of business model patterns and ge-
neric smart service patterns was examined to determine potential relationships and the
impact of strategic business decisions on the technical implementation of the smart ser-
vice.
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Fig. 1. Selected methodology for the qualitative study

4 Case Studies

The analysis of the relationship between the business model and the technical struc-
ture of Smart Service is based on the 19 case studies listed in Table 1. The table includes
general information about the smart service provider, such as industry, the number of
employees, and the age of the service. Furthermore, the GSS patterns, described in
chapter 5, and BM patterns, according to Gassmann et al., are also listed. All companies



studied in this research are headquartered in a country within the DACH region, the
vast majority in Switzerland.

Table 1: Case Studies

# Sector Employees GSS Patterns BM Patterns Age Service
Measuring and Control In- 4,8 1,27,48,57 -

1 . 250+
strument Manufacturing
Construction 250+ 3,611 7,11,25,34,40,48,56,57 1 year
Biotechnology Research 250+ 3,89 18,57 6 years

4 Indust.rial Machinery Manu- 250+ 2,6,8,11 1,25,32,48,57,58 3 years
facturing
Machinery Manufacturing 250+ 45,8911 19,25,27,47,48,57 2 years
Construction 250+ 7 11,27,48,56,57 4 years
Machinery Manufacturing 50-249 2 11,34,57 3 years
Appliances, Electrical, and 8,9,10,11 25,4857 9 years

8 . . 250+
Electronics Manufacturing

9 Appliam?es, Electrical,_ and 250+ 9,10,11 7,11,25,40,48,56,57 7 years
Electronics Manufacturing

10  Machinery Manufacturing - 3,45,6,8 23,4857 <1 year

1 !T Services and IT Consult- 1.9 3,456 11,23,48,57 6 years
ing

12 Industrial Machinery Manu- 1.9 1,59 11,40,48,57 6 years
facturing

13 Wholesale 250+ 1,2,3,9,10,11 11,25,31,48,40,57,58 +10 years

1 Transportati_on Equipment 250+ 3,8,10,11 11,25,48,57 8 years
Manufacturing

15  Utilities 10-49 3 11,48,56,57 2 years

16 Automz_;ltion Machinery Man- 50-249 3,5,8,9 23,48,57 2 years
ufacturing

17  Information Services 1-9 2,3 11,31,48,57 1 year

18 Indust_rial Machinery Manu- 1-9 34511 11,23,48,56,57 2 years
facturing

19  Machinery Manufacturing 250+ 8,9,10,11 20,25,39,47,57 +10 years

5 Generic smart service patterns

In this work, we present 11 generic smart service (GSS) patterns as technical coun-
terparts to the business model (BM) patterns proposed by Gassmann et al. These pat-
terns are described in accordance with ISO/IEC 30141:2018 and consist of various el-
ements, which are detailed in chapter 5.1. Chapter 5.2 examines the fundamental archi-
tecture of every Smart Service, serving as the foundation for the GSS patterns outlined

in chapter 5.3.



5.1 Entities

An entity describes an element of the CM according to the standard ISO/IEC
30141:2018. The entities of the base conceptual model (BCM) are described in more
detail in Table 2. The description is based on the ISO/IEC 30141:2018 standard, the
loT-A standard, and experience from the use cases. The GSS patterns introduce addi-
tional entities. The entities can be classified into three distinct categories based on their
operation and management. In Fig. 2, the entities that the smart service provider oper-
ates are shown with a hatch pattern. The dashed hatch pattern indicates that the smart
service provider operates the entity in question. Finally, the crosshatch pattern indicates
that a third-party organization operates the entity.

Table 2. Entities [20, 21].

Entity Definition Examples

Physical entity

10T device

A physical entity is a physical object, which can in-
clude living organisms and may have a hierarchical struc-
ture.

10T device connects physical and digital worlds with
sensors and actuators to collect data and perform actions.

A Local Network connects 10T devices to their gate-

Motor

Sheep

Machine
Machine control
Sensor, Actuator

- . CAN Bus
Local Network way using protocols and relies on an loT gateway for In- LoRa
ternet access.
An 10T gateway connects local devices to the Internet
. . . . . LoRa gateway
10T Gateway and provides various functions like protocol conversion, Firewall
data processing, and security.
The Internet is a global access network that connects
Internet . . L
10T devices and gateways with cloud applications.
. A service is a digital entity, typically implemented as Backend
Service . . .
software on a server, and provided over the Internet. Analytics services
Data storage is persistently storing data in databases mySQL
Data Storage . 9 P y 9 . ySQ
for various purposes, such as data analysis InfluxDB
An application is a digital software that executes tasks Dashboard
Application and interacts with users, hosted in the cloud and accessi- App
ble through an interface. REST API
A user is someone or something that interacts with a
Lo . A Customer
User smart service, including both human individuals and non-

human automation services

5.2 Base conceptual model

39 party service

The base conceptual model (BCM), shown in Fig. 2, was developed by identifying

the commonalities among the 19 smart services that were studied. The BCM encom-
passes the fundamental capabilities of a smart service, including the ability to acquire
data through loT devices, transmit data through various networks, store data in a data



storage by a service, and visualize data through an application. This model aligns with
the foundational requirements of smart factory use cases, as described by Budde et al.,
which can also be applied to smart services [23]. In addition, the Smart Service Building
Blocks appearing in every case study examined by Mittag et al. are also covered by the
entities of the BCM [8].
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Fig. 2. Left: Base conceptual model, right: Conceptual model of pattern 5 Enterprise Application
Integration, modelling language according to ISO/IEC 30141:2018

monitors / acts on

5.3  Generic smart service patterns

The analysis of the normalized use cases resulted in 11 generic smart service (GSS)
patterns. These can be used independently or in combination with other generic smart
service patterns. Table 3 shows the GSS patterns with the corresponding definition. As
an example, Fig. 2 shows the conceptual model of GSS pattern 5 Enterprise Application
Integration.

Table 3. Generic smart service patterns

GSS Pattern Definition
1 Physical Object A human user is treated as a physical object, detecting input through
is a Human sensors and providing feedback through actuators.

2 Partner for Con-

. Outsourcing connectivity to partners for cost savings and scalability.
nectivity g ytop g y



3 0T Data Plat- The smart service offers a digital interface, typically an M2M inter-
form face, for querying data to integrate into existing 3rd parties systems.

4 Hybrid Data The telemetry data is stored in a special database, in addition to a da-
Storage tabase for the master data.

5 Enterprise Appli- The service queries and uses data from internal and external corporate
cation Integration services.

6 . The loT device also acts as an loT gateway and typically communi-
All-in-one . .

cates via the mobile network.

7 Smartphone as A customer's smartphone is used as an interface between an loT device
loT Gateway and the cloud.

8 Edge gateway is an 10T device that manages and gathers data from

Edge Gateway multiple 10T devices through a local network, optimizing communication
with the cloud.

9 Customer Intra- The 10T device is connected to the firewall through the customer's in-
net tranet, which serves as a gateway to the Internet.

10  User-Object Ser- The smart service provider offers remote or physical services to a
vice physical entity.

11  Data-Driven In- The smart service provider uses data from loT devices and other
sights sources to optimise products, services and internal processes.

6 Discussion

The contingency table analysis between GSS patterns and BM patterns in Fig. 3 re-
veals several dependencies and connections between the two. One notable example is
the frequent co-occurrence of BM pattern 25, Leverage Customer Data, and the GSS
pattern 11, Data-Driven Insights. The case studies demonstrate that in order for a com-
pany to use customer data for service optimization or product improvement effectively,
a corresponding interface, such as dashboards or an M2M interface, must be made
available to employees by the smart service, and employees must be authorized and
trained to read and use the customer data. This disclosure, possibly also to third parties,
must be contractually defined. These patterns occur in just under half of all the cases
examined, suggesting that leveraging customer data is a key opportunity for companies
to differentiate themselves from competitors. Similarly, Kowalkowski and Ulaga high-
light the importance of companies collecting data from their installed bases and using
it strategically [24].

Another trend observed is the increased co-occurrence of BM Pattern 11, Digitali-
zation, and GSS Pattern 8, 10T Data Platform. This may be due to companies digitalis-
ing objects for their customers via sensors and making this data available to the cus-
tomers via an interface such as REST API. Additionally, the value proposition of smart
services often includes simplifying the customer's life through the virtualization of a
physical process, such as reading a sensor or ordering spare parts. This is reflected in
the high frequency of BM Pattern 57, Virtualization, in every single use case. BM Pat-
tern 48, Subscription, also occurs frequently as companies with smart services aim to
generate recurring revenue and therefore prefer to offer the services in a subscription



model, as also pointed out by Bonnemeier et al. [9], Rabe et al. [8], and Wortmann et.

al

eit
tat

[25].
It is also noteworthy that every smart service, except for Case Study 14, incorporates
her BM Pattern 11, Digitalization, or GSS Pattern 8, Edge Gateway. The implemen-

ion of BM Pattern 11 implies using an 10T device to measure influencing variables

such as current or temperature. On the other hand, GSS Pattern 8, Edge Gateway, is
employed in situations where a digitalised system, such as a machine control system,
already exists. Both options require an 10T device to digitalise the physical world, yet

in

the case of an edge gateway, the 10T device is not included in the functional scope,

resulting in the exclusion of BM Pattern 11, Digitalization, from the smart service.

Generic Smart Service Pattems (GSS Pattems)

7

Appearance Frequency (%)

2 1 e 7 40 3 1 a7 48 18 19 20 23 56
Business Model Paterns (8M Pattems)

Fig. 3. Contingency table of BM vs. GSS patterns

Conclusion and outlook

This study aimed to investigate the relationship between the business model of smart

services and their technical structure. By analyzing 19 case studies, we determined that
strategic business decisions influence the IT architecture of smart services and to what
extent. The results of this study provide a basis for further research in this area.

Additionally, the generic smart service patterns identified can be utilized by compa-

nies in the development and enhancement of new and existing smart services. The con-
nections identified between BM patterns and GSS patterns enable the creation of a well-
grounded blueprint of the IT architecture of smart services at an early stage, which can
assist in making fundamental decisions. This can also aid in identifying and addressing
challenges and risks at an early stage. For companies that already have established
smart services, this research offers the opportunity to explore alternative business mod-
els that are employed with similar technical infrastructures.
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Applying the GSS patterns and BM patterns to additional case studies and projects
can enhance the patterns and uncover more GSS patterns. The current study serves as
a foundation for further research on the influence of the business model on technical
implementation. However, the study did not examine the influence of the individual
elements of a business model, such as the value proposition or the revenue model. These
dependencies could be further investigated. Additionally, it would be valuable to ex-
amine the influence of smart service use cases as proposed by Budde et al. [23], and an
in-depth analysis of the structure of the cloud and its relationship to business model
patterns also presents potential for future research.
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